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Abstract
Background—Delirium is characterized by acute cognitive impairment. We examined the effect
of delirium on long-term cognitive trajectory in older adults with Alzheimer's disease (AD).

Methods—Prospectively collected longitudinal data from a nested cohort of hospitalized patients
with AD (n=263) in the Massachusetts Alzheimer's Disease Research Center Patient Registry
during 1991–2006 (median follow-up: 3.2 years). Cognitive function was measured using the
Information-Memory-Concentration (IMC) section of the Blessed Dementia Rating Scale.
Delirium was identified using a validated chart review method. The pace of cognitive deterioration
was contrasted using random effect regression models.

Results—Over half of the sample of patients with AD developed delirium during hospitalization
(56%). The pace of cognitive deterioration prior to hospitalization did not differ between patients
who developed delirium (1.4 IMC points/year, 95% confidence interval, CI,0.7,2.1) and those who
did not (0.8 IMC points/year, 95% CI: 0.3,1.3) (P=0.24). In the year following hospitalization,
patients who had developed delirium experienced greater cognitive deterioration (3.1 IMC points/
year, 95% CI: 2.1,4.1) relative to patients who did not develop delirium (1.4 IMC points/year,
95% CI: 0.2,2.6) after adjusting for confounders. The ratio of these changes suggests that
following delirium, cognitive deterioration proceeds at 2.2 times the rate in patients without
delirium in the year after hospitalization. The delirium group maintained a more rapid pace of
cognitive deterioration throughout the 5-year period following hospitalization. Sensitivity analyses
excluding rehospitalized patients and matching on baseline cognitive function and baseline pace of
cognitive deterioration produced essentially identical results. The acceleration due to delirium was
independent of dementia severity, comorbidity, and demographic characteristics.
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Conclusions—Delirium is highly prevalent among persons with AD who are hospitalized and
associated with an increased pace of cognitive deterioration which is maintained for up to 5 years.
Strategies to prevent delirium may offer a promising avenue to explore for ameliorating cognitive
deterioration in AD.

Introduction
Alzheimer’s disease (AD) is a relentlessly progressive and devastating disorder
characterized by impaired memory and loss of ability to function independently (1). An
estimated 4.5 million older adults in the United States currently have AD (2). Without
advances in prevention or treatment, that number is expected to triple to 13.2 million by
2050 (3). Identification of modifiable risk factors for progressive cognitive deterioration in
AD has been identified as a top national priority to develop preventive strategies for slowing
progression of AD severity and reducing morbidity (4,5).

Delirium is a preventable medical syndrome, which is common among older hospitalized
patients (6–8), and characterized by acute change in cognitive status, particularly attention
and executive function (9). A recent meta-analysis demonstrated that delirium is a risk factor
for death and institutionalization (14). The odds of institutionalization among hospitalized
older adults who develop delirium are 2.4 times higher than among those who do not
develop delirium (14). The one-year mortality rate for hospitalized seniors who develop
delirium is 35–40% (15), comparable to the mortality associated with sepsis and acute
myocardial infarction (11). Notably, the adverse impact of delirium on cognition and
function among older adults without dementia has been demonstrated extensively in
previous research (10,11,16–22).

In persons with AD, the adverse impact of delirium is further magnified. Although delirium
complicates care for more than 20% of all hospitalized adults over 65, its prevalence rises to
60–89% of patients with AD. Moreover, older adults with AD are nearly three times more
likely to experience delirium than those without dementia (6–8,10–13). Despite its
frequency and adverse impact, relatively little attention has been paid to consequences of
delirium on cognitive deterioration among patients with AD (23). The few studies completed
to date have focused on relatively short-term cognitive outcomes. Fong and colleagues (24)
reported significant change in global cognitive function among patients with AD up to six
months following delirium. However, that study was unable to address whether this change
resulted in an enduring alteration in the trajectory of cognitive function, for which a longer
view is necessary (25–27).

The purpose of the present study was to examine the pace of cognitive deterioration for up
to five years before and five years after the occurrence of delirium among hospitalized
persons with AD. We hypothesized that development of delirium would accelerate the long-
term pace of cognitive deterioration in patients with AD, defined by change observed on a
test of global cognitive function.

Methods
Study Sample

Patients were drawn from a nested longitudinal cohort of participants enrolled in the
Massachusetts Alzheimer’s Disease Research Center (MADRC) patient registry. The
MADRC began in 1984 at the Massachusetts General Hospital (MGH) in Boston, MA as a
specialized research center devoted to the study of memory impairment. Examining
MADRC neurologists diagnosed AD using National Institute of Neurological and
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Communicative Diseases and Stroke-Alzheimer’s Disease and Related Disorders
Association (NINCDS-ADRDA) guidelines (28).

Eligible participants for the present study were those diagnosed with definite, possible, or
probable AD who visited the study clinic at least three times between January 1, 1991 and
June 30, 2006; who were age 65 and older at the first MADRC visit; and who consented to
participation in research (n=895). Data from Medicare and the National Death Index were
obtained from January 1, 1991 through December 31, 2007. Chart reviews were conducted
for this study from 2007–2009. Of the initial 895 patients, 379 (42%) were hospitalized, a
further inclusion criterion for this study. We excluded those enrolled in a Medicare health
maintenance organization (n=68) because hospitalizations for this group are not consistently
identifiable in Medicare data. Additionally, because hospital records were needed to classify
delirium, we excluded patients if their hospital record was unavailable (n=48). These
exclusions resulted in a sample of 263 patients with AD.

The informed consent policy of the MADRC includes obtaining joint consent of patients and
their next of kin, health care proxy, or legal guardian. The current study, conducted using
data from the MADRC and medical record review, merged with Medicare and National
Death Index data, was approved by the institutional review boards of MGH, Hebrew
Rehabilitation Center, and 46 Massachusetts hospitals where medical records were
reviewed.

Cognitive Function
Cognitive function was measured during MADRC clinic visits with the Information-
Memory-Concentration (IMC) section of the Blessed Dementia Rating Scale (29). The
Blessed Dementia Rating Scale is a brief test of global cognitive function. It has been
validated as a sensitive tool for dementia using neuropathological features of AD and
consensus diagnosis by psychiatrists (30). The IMC assesses orientation, memory,
knowledge of personal information and public events, and concentration. It is scored from
0–37 points based on number of errors. A score of 0–2 is considered typical and a score
above 14 indicates major cognitive impairment (31). The Blessed IMC score is highly
correlated with other widely used clinical measures of global cognitive function, including
the Mini-Mental State Examination (r=0.81–0.85) and the Alzheimer’s Disease Assessment
Scale-Cognitive subscale (r=0.82)(32).

Hospitalization
Hospitalizations were retrospectively identified using the Medicare Provider Analysis and
Review (MEDPAR) database and confirmed by review of hospital records. The index
hospitalization was defined as the first hospitalization occurring during a patient’s follow-up
period at the MADRC (time between first and last clinical visit). Because of the study
inclusion criteria, all patients had an IMC score before and after their index hospitalization.
We defined the baseline MADRC visit as the most proximal MADRC visit preceding the
index hospitalization.

Delirium
The primary exposure of interest was delirium. To classify delirium, hospital records from
the index hospitalization were examined using a validated chart review method (33).
Compared to ratings using direct patient interview with cognitive testing and the Confusion
Assessment Method (CAM) (34), the chart review approach has a sensitivity of 74%,
specificity of 83%, overall agreement of 82%, and chance-corrected agreement statistic
(kappa) of 0.41 (33), which is considered moderate agreement (35). The main reason for
missed diagnoses was lack of adequate documentation, which is more likely to occur with
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mild delirium cases. Sensitivity approached 90% when restricted to more severe cases of
delirium (33). Our chart review method has been successfully applied in previous studies
(24,36), and retrospective methods like it are increasingly being utilized (e.g., 37).

Covariates
Demographic variables included age, sex, years of education, race (white vs. other races),
and marital status. Date of birth was corroborated with Medicare and National Death Index
records. Health-related variables included history of smoking (yes vs. no), history of
depression (yes vs. no), and the number of comorbidities at the index hospitalization.
Comorbidity burden was measured by the Charlson comorbidity index, which was
calculated using diagnoses from MADRC, Medicare, and hospital records (38). Dementia-
related variables included informant-reported duration of symptoms before diagnosis, speed
of initial onset (rapid vs. slow), course (fluctuating/stepwise vs. stable/improving), family
history of dementia, and physician-rated dementia severity (range: 0–5, 5 profoundly
impaired). This severity scale is highly correlated with Clinical Dementia Rating (Spearman
r=0.87, P<0.001)(23,39). Missing data did not exceed 4% for any covariate. To account for
the small amount of missing data, we used Bayesian imputation methods with 25 random
draws for each observation with missing data (40).

Handling of Time
We defined the time-scale as the number of years from a patient’s index hospitalization.
Patients contributed time between their first and last MADRC visits, between which the
index hospitalization occurred. We excluded data from MADRC visits that took place
beyond five years of the index hospitalization because of sparse data.

Statistical Analyses
Baseline descriptive statistics were used to characterize patients. Distributions of age, sex,
race, and education in the sample were compared with those in the National Alzheimer’s
Disease Coordinating Center (NACC) to assess generalizability of the present sample to
persons with AD living in the United States.

For the main analysis, we used linear regression models with random effects to characterize
change in IMC score over time. This approach minimizes bias in parameter estimates and
standard errors given the longitudinal repeated measures design. Random effects were
estimated for intercept and slope parameters to accommodate individually varying IMC
scores, individually varying paces of change, and clustering of repeated observations over
time within a patient. Models were stratified by delirium status. To address the possibility
that the association of delirium with the pace of cognitive deterioration was limited to
follow-up shortly after the index hospitalization, we included discrete breaks in time at the
index hospitalization and at one and two years after the index hospitalization. To help
interpret the differences in paces of deterioration, we calculated the ratio of pace of
cognitive deterioration comparing the group with delirium to the group without delirium.
This ratio represents the acceleration in pace of cognitive deterioration attributable to
delirium beyond the typical rate of aging in hospitalized patients with AD.

To control for potential confounding, models were adjusted for age, sex, years of education,
comorbidity, duration of AD symptoms, family history of dementia, and dementia severity.
To address differences in pre-index trajectory and baseline IMC scores by delirium status,
we performed a matched analysis by individually matching, with replacement, patients who
developed delirium to patients who did not by quintiles of estimated cognitive function at
index hospitalization and pace of cognitive deterioration prior to hospitalization. In another
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sensitivity analysis, we excluded rehospitalized patients to assess whether differences in
rehospitalization rates by delirium status affected results.

Analyses were conducted with Mplus statistical software (version 6.12) (41) using robust
maximum likelihood estimation that assumes observations for the outcome variable are
missing at random, conditional on variables in the model (42). Model fit was evaluated by
correlating model-predicted and observed IMC scores, the square of which is the proportion
of variability in observed IMC scores explained by the model (the empirical R2) (43).
Diagnostic plots of model residuals were checked for normality and random scatter over
time. In a sensitivity analysis, we excluded outlying observations to verify that inferences
remained unchanged.

Results
Patients were mostly female, most had at least a high school education, and the average age
was 78.3 years. Characteristics in this cohort were compared with those available in NACC,
a national sample of 74,169 patients with AD. There were no clinically relevant differences
with respect to age, sex, education, baseline cognitive function or dementia severity (Table
1).

Patients were evaluated at the MADRC approximately every 6 months over a median
duration of 3.2 years of follow-up (range: 0.7–14.5 years). On average, patients had two
MADRC visits before their index hospitalization and three visits afterwards. The median
time between the baseline MADRC visit and the index hospitalization was 10.5 months
(range: 0.1–75.2 months). Missing IMC scores were more likely at MADRC visits after a
patient’s index hospitalization (P<0.001), but missingness did not vary by delirium status
(P=0.42).

Delirium Incidence
The overall incidence of delirium by chart review in the hospitalized sample was 56.3%
(95% confidence interval, CI, 50.2%, 62.3%) (Table 2). Patients who developed delirium
during hospitalization were more likely to be male, have less education, be married, smoke,
and have greater cognitive impairment at the baseline MADRC visit than patients in the
non-delirium group.

Cognitive Deterioration
Comparisons of observed and model-implied changes in cognitive trajectory over time by
delirium group are summarized in Figure 1. The model was adjusted for age, sex, education,
medical comorbidities, duration of AD symptoms, family history of AD, and dementia
severity, and fit the data well (empirical R2: 0.89). At baseline, the observed mean IMC
score was higher in the delirium group (difference: 1.5 IMC points, 95% CI: 0.2, 2.9), but
this difference was not significant after adjustment for potential confounders (Table 3). In
addition, the observed and model-implied paces of cognitive deterioration were similar
preceding the index hospitalization between the two groups (observed difference: 0.8 IMC
points/year, 95% CI: −0.1, 1.7; model-implied difference: 0.6 IMC points/year, 95% CI:
−0.1, 1.3) (Table 4).

The observed and model-implied pace of cognitive deterioration accelerated during the year
following the index hospitalization in both groups (Table 4). This acceleration was greater
for the delirium group. The model-implied pace of cognitive deterioration in the delirium
group was significantly worse than in the non-delirium group during the year following the
index hospitalization (difference: 1.7 IMC points/year, 95% CI: 0.3, 3.1), and remained so
through the end of the study period (P=0.003). The ratio of these group differences suggests
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that delirium accelerates the rate of cognitive deterioration by 2.2-fold in the year following
the index hospitalization and by an average of 1.7-fold over the 5 year period following the
index hospitalization.

Sensitivity Analyses
To control for baseline cognitive status, a sensitivity analysis using individual matching on
baseline IMC score and pre-index trajectory was performed. Findings were consistent with
the main analysis. Although an exact match was not achieved, results are likely conservative
because the raw mean IMC score in the delirium group was nearly 1 point lower (less
impaired) at baseline than in the non-delirium group (9.5 IMC points vs. 10.4 IMC points,
respectively). However, both raw and model-implied mean IMC scores were higher (more
impaired) in the delirium group by the end of the study.

Patients in the delirium group were more likely to be rehospitalized than patients in the non-
delirium group. In the delirium group, 79 (53%) patients were rehospitalized, and in the non-
delirium group, 44 (38%) patients were rehospitalized (P<0.01) (Table 2). Most patients
were rehospitalized within two years of their index hospitalization, during which time the
proportion differed significantly between delirium (n=70, 47%) and non-delirium (n=37,
32%) groups (P=0.01). The proportion of patients rehospitalized after two years did not
differ significantly between delirium (n=23, 16%) and non-delirium (n=15, 13%) groups
(P=0.60). When we excluded rehospitalized patients from the analysis, the pace of cognitive
deterioration during the year following the index hospitalization remained worse in the
delirium group (3.5 IMC points/year) than the non-delirium group (1.5 IMC points/year)
(P=0.07); these estimates are slightly larger than those including rehospitalized patients
(Table 4). This trend continued 1–2 years after index hospitalization (P=0.04) and after 2
years (P=0.02). Thus, the overall findings were similar when rehospitalized patients were
excluded.

Discussion
In this prospective study of hospitalized older adults with AD, we investigated the effect of
delirium on the long-term pace of cognitive deterioration. Delirium developed in 56% of the
patients. The development of delirium during hospitalization was associated with
accelerated cognitive deterioration. This effect was independent of dementia severity,
demographic characteristics, and the level and pace of cognitive deterioration prior to
hospitalization. This acceleration persisted throughout the five-year duration of follow-up.
Thus, delirium significantly accelerates the pace of cognitive deterioration in patients with
AD from baseline levels, and this acceleration is sustained long-term.

Rehospitalization after the index hospitalization was common during MADRC follow-up
(36), and we do not have information about the delirium status during these subsequent
hospitalizations. However, rehospitalization is a highly prevalent consequence of delirium,
and may serve--at least in part--as a marker or mediator through which delirium affects
cognitive trajectory. Patients with delirium tend to be discharged sicker, have worse
prognosis for rehabilitation, and have an elevated risk of rehospitalization (11,44). To adjust
for rehospitalizations in the analysis may potentially remove part of the total effect of
delirium (45). Despite this conjecture, our sensitivity analysis excluding rehospitalizations
found little evidence to suggest that rehospitalizations account for the findings in this study.

Several caveats deserve comment. First, the semi-annual time intervals between MADRC
visits did not allow us to capture the maximal acute effect of delirium on the pace of
cognitive deterioration, which would be most pronounced shortly after delirium onset.
However, this limitation is likely to introduce a conservative bias in the present study, thus
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supporting the robustness of our findings. We included breaks in the cognitive trajectory at
one and two years after the index hospitalization to accommodate the potential for only short
term deterioration, but we observed deterioration over 5 years. This finding suggests that
delirium may fundamentally alter the cognitive trajectory in a sustained fashion. Second, the
use of the chart review method is an imperfect strategy for classifying delirium, and likely
leads to an underestimate of the true delirium prevalence. However, the method has been
shown to have good overall criterion validity. Further, using the published sensitivity and
specificity for chart review delirium compared with a standardized full CAM diagnostic
interview, we would expect that 41% of the non-delirium group would include false
negative cases but only 9% of the delirium group would include false positives (33). While
we cannot determine with certainty, observed group differences in the pace of cognitive
deterioration are likely conservative estimates.

We used a well-characterized clinical sample of community-dwelling patients with AD and
high-quality longitudinal information about cognition, hospitalization, and control variables.
Our results challenge highly ingrained attitudes about the transient, reversible nature of
delirium in AD. Delirium is recognized by physicians and nurses in fewer than 30% of
hospital patients (46–48). This lack of recognition may be attributed at least in part to the
widely-held notion that delirium is an unimportant, transient condition that is inevitable
during hospitalization and has no long-term significance in persons with AD (9). If delirium
worsens the long-term course of cognitive function among persons with AD, then it should
be handled as a genuine medical emergency in all cases, and would merit changes to
incorporate routine delirium prevention in the standard practice for dementia patients to
ensure timely intervention to prevent long-term cognitive deterioration and subsequent
outcomes.

Previous research suggests that proven, targeted delirium prevention programs, such as the
Hospital Elder Life Program (9), might help to reduce delirium for at least 27% of AD
patients, which represents 1.2 million persons in the U.S. and 4 million worldwide (10).
Given that the national costs of delirium are estimated to be $40 to $150 billion annually
(49), strategies that impact even a fraction of these costs have the potential for far-reaching
cost savings for our health care system (50–51), far exceeding those of current
pharmacologic treatments for AD. Most importantly, delirium prevention holds the potential
to improve quality of life for AD patients and their families.
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Figure 1. Estimated Trajectory of Cognitive Function with and without Delirium (N=263)
Model-fitted trajectory of cognitive performance with 95% confidence intervals at discrete
time points from a random effects regression model of Blessed IMC score during MADRC
follow-up. The model is adjusted for age, sex, education, number of comorbidities, duration
of AD symptoms, family history of AD, and dementia severity. Missing covariate data were
multiply imputed using Bayesian imputation methods with 25 datasets. The timescale
depicted includes the middle 80% of study visits nearest the index hospitalization (although
statistical models used data up to 5 years before and 5 years after the index hospitalization).
The surviving sample size is the number of patients who survived up to each year.
IMC: Blessed Information-Memory-Concentration test; AD: Alzheimer’s disease
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Table 1

Comparison of Baseline Characteristics in the Massachusetts Alzheimer’s Disease Research Center (MADRC)
Hospitalized Cohort and the National Alzheimer's Disease Coordinating Center (NACC) Cohort

MADRC
Hospitalized

Cohort
(n=263)

NACC
(n=74,169)

Demographic

  Age, mean ± SD 78.3 ± 6.0 77.9 ± 6.8

  Sex, female, n (%) 150 (57.0) 44,414 (59.9)

  Race, White, n (%) 14 (5.3) 12,298 (16.7)

  Years of education, mean ± SD 13.7 ± 3.6 13.2 ± 4.0

  Married, n (%) 168 (63.9) 40,070 (56.9)

Dementia-related

  IMC score at baseline MADRC visit*, mean ± SD 10.7 (6.3) --

  Mini-Mental State Examination at baseline clinic visit† -- 21.5 (7.7)

  Significant cognitive impairment at baseline‡, n (%) 68 (27.0) 18,667 (30.2)

Note: comparisons of demographic characteristics in MADRC and NACC revealed trivial to small effect size differences (REF 52).

*
Sample statistics were calculated at the baseline MADRC visit, which was the MADRC visit immediately prior to the index hospitalization.

†
The baseline NACC visit was the first visit to an AD clinic.

‡
Significant cognitive impairment was considered to be above 14 on the Blessed IMC and below 18 on the Mini-Mental State Examination.

SD: standard deviation. IMC: Blessed Information-Memory-Concentration test. Higher Blessed IMC scores indicate poorer cognitive function.
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Table 2

Baseline Characteristics of the Hospitalized Alzheimer's Disease Cohort (N=263)

Delirium
(n=148)

No
delirium
(n=115)

P-values
for group

differences

Demographic

  Age, mean ± SD 78.3 ± 6.1 78.3 ± 5.8 P = 0.92

  Sex, female, n (%) 75 (50.7) 75 (65.2) P = 0.02

  Race, White, n (%) 139 (93.9) 110 (95.7) P = 0.54

  Years of education, mean ± SD 13.2 ± 3.7 14.3 ± 3.5 P = 0.02

  Married, n (%) 102 (68.9) 66 (57.4) P = 0.05

Health-related

  Deyo-Charlson comorbidity index, n (%) P = 0.09

    None 64 (43.2) 59 (51.3)

    One 41 (27.7) 36 (31.3)

    Two or more 43 (29.1) 20 (17.4)

  History of smoking, n (%) 45 (31.5) 20 (17.5) P = 0.01

  History of depression, n (%) 32 (26.2) 25 (28.1) P = 0.77

  Rehospitalization, n (%) 79 (53.4) 44 (38.3) P < 0.01

Dementia-related

  Duration of symptoms, years, mean ± SD 2.8 ± 1.8 3.2 ± 2.6 P = 0.16

  Speed of initial onset*, n (%) 11 (7.4) 6 (5.2) P = 0.47

  Course†, n (%) 4 (2.7) 2 (1.7) P = 0.60

  Family history of AD, n (%) 12 (8.1) 9 (7.8) P = 0.93

  Dementia severity‡, mean ± SD 2.2 ± 0.8 2.0 ± 0.8 P = 0.06

Length of follow-up, years, mean ± SD 3.6 ± 2.2 4.1 ± 2.7 P = 0.06

SD: standard deviation. AD: Alzheimer’s disease.

Missing data were as follows: education (n=5); history of smoking (n=6); depression (n=52); duration of AD symptoms prior to diagnosis (n=4);
dementia severity (n=5).

*
Rapid versus slow, informant-report

†
Fluctuating/stepwise versus stable/improving, informant-report

‡
Physician rating of dementia severity (range 0–5, 5 profound)
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Table 3

Baseline Cognitive Scores by Delirium Group in the Hospitalized Alzheimer’s Disease Cohort (N=263)

Baseline IMC Score ‡

Value. (95% CI)

Delirium (n = 148)

Observed 9.8 (8.9, 10.7)

Adjusted model† 9.3 (7.9, 10.7)

No delirium (n = 115)

Observed 8.3 (7.3, 9.3)

Adjusted model† 8.5 (7.4, 9.6)

Group differences (n = 263)

Observed 1.5 ‡ (0.2, 2.9)

Adjusted model† 0.8 (−0.8, 2.2)

*
Baseline observed IMC scores taken from the MADRC visit prior to index hospitalization. Adjusted values are predicted (model-implied) values

at the index hospitalization.

†
Adjusted for age, sex, education, medical comorbidities, duration of AD symptoms, family history of AD, and dementia severity.

‡
Test of group differences in Blessed IMC (Information-Memory-Concentration) score between delirium and no delirium groups, P<0.05.
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